Noroviruses are the most common cause of acute gastroenteritis. Annually, 21 million Americans are infected with norovirus. Recent advances in molecular diagnostics have helped to establish norovirus as the most common cause of outbreaks of acute gastroenteritis across all ages. However, there is no effective or efficient treatment/control against norovirus infection. Conventional intervention techniques used to inactivate norovirus have shown lack of efficacy against human norovirus. Currently, effective treatment or control measures against human norovirus have not been identified. In this study, murine norovirus acts as a model to human norovirus to evaluate the inhibitory effects of crude extracts of Zanthoxylum armatum and Hibiscus sabdariffa. The study also separated, identified and quantified the selected compounds using the ultra-liquid chromatography (UPLC). To study the antiviral activities of crude extracts and its fractionated portions of Z. armatum and H. sabdariffa against norovirus surrogate, RAW 264.7 cells were infected with Murine norovirus surrogate virus of human norovirus and incubated at 37˚C. Phytochemicals were extracted from the seeds and calyces of the plants using methanolic extraction. Fractionated portions of the crude extracts were subsequently used in both chromatographic and microbiological studies. Our data indicated that there was reduction of viruses, when treated with the 60% aqueous methanol extracts. Amongst the four selected phenolic compounds (myricetin, quercetin, kaempferol and luteolin), quercetin showed the most significant logarithmic viral reductions. These compounds were identified, purified and quantified using UPLC. Extracts of Zanthoxylum armatum and Hibiscus sabdariffa showed antiviral effects. Phenolic compounds are virucidal. Extracts of Hibiscus sabdariffa also exhibits anti-norovirus activities. The results are anticipated to control/prevent the human norovirus infections.
Introduction
Human norovirus (HuNoVs) infection which was once mild [1] has taken the lead in the cause of pervasive diarrheal disease among all human race especially the immune-compromised. This characteristic is mostly because the virus contains all the properties of an archetype infectious agent: continuously evolving, inducing reduced immunity, extremely contagious, relatively virulent and abundantly shed, hence maintaining a large vulnerable group of hosts [2] . The virus low transmissible dose permits it to spread quickly between person-to-person [3] . Fomites, droplets and environmental surfaces are also sources of norovirus contamination. The virus can tolerate a broad temperature range from freezing to 60˚C and mostly, survive on environmental surfaces [4] .
HuNoVs causes acute gastroenteritis of nonbacterial origin common in the western world. Research finding has confirmed norovirus as the causal agent for human gastroenteritis [5] . Absence of routine diagnostic laboratory techniques have been hindering in depth study of this group of viruses [5] . Culturing human norovirus is extremely challenging and expensive. Although a group of scientists has tried culturing human noroviruses using human enterocytes in stem cell-derived, non-transformed human intestinal enteroid monolayer cultures [2] , the ease of cultivation remains elusive. Cultivable surrogates like murine norovirus (MNV-1) and feline calicivirus (FCV-F9) are currently used as human norovirus surrogates [6] . MNV-1 has been widely accepted as the ultimate proxy which mimics the inactivation and survival of human norovirus [7] .
Currently, effective treatment or control measures against human norovirus have not been identified. This study uses the murine norovirus as a model to human norovirus to evaluate the effect of Myricetin, Quercetin, Kaempferol, and Luteolin on norovirus surrogate.
Flavonoids have been shown to be rich in antioxidants, anti-inflammatory, antidiarrheal, antimicrobial, antiallergic, antidiabetic and antihepatotoxic properties [8] . Flavonoids are an assorted group of phytochemicals available in almost all vegetables and fruits. They are mostly responsible for brilliant colors in plants [9] , and more than 4000 types abound [10] . Many of these flavonoids have been documented to be effective against RNA viruses which include the non-enveloped viruses typically the Caliciviridae group [11] . The health benefits of this group of phytochemicals have placed it in the forefront for scientific studies.
Various techniques like plaque assay (quantitative), transmission electron microscope (qualitative), fractionation, and ultra-performance liquid chromatography (UPLC) were adopted in the study. Methanoic extraction was used in extracting phytochemicals from the plants Hibiscus sabdariffa (HS) and Zanthoxylum armatum (ZA) . Fractionated portions of the crude extracts were subsequently used in both chromatographic and microbiological studies.
Hibiscus sabdariffa (calyces) Hibiscus sabdariffa is extensively grown in the Caribbean and identified as [12] . It has been demonstrated that aqueous extract of the plant possesses antiviral effect on human norovirus surrogates feline calicivirus-9 (FCV-F9) and murine norovirus (MNV-1) as well as in hepatitis A virus [13] . Hibiscus sabdariffa possesses antioxidant, anti-diabetic and antimicrobial properties [13] . Hibiscus sabdariffa has been confirmed to be rich in phenolic acids, flavonoids, and anthocyanins [13] . Given the potentials of this plant, its effect against the murine norovirus was studied.
Zanthoxylum armatum Zanthoxylum armatum belongs to the Rutaceae family and has an extensive medicinal use. It is traditionally known to have different names for the various countries. For instance, in Nepal it is known as toothache tree or Nepal pepper;
in India where it is abundantly spread, it is known as Indian Prickly Ash. Zanthoxylum armatum also grows well in China, Malaysia, Philippines, Taiwan, Japan and Pakistan. Folk medicine believes this plant to be effective against a host of medical conditions. Amongst them are anthelmintic, stomachic, and carminative. Both the fruits and seeds offer controlling effects for fever and dyspepsia. It is also known to harbor phytochemicals like phenolics, lignin, sterols, coumarins, terpenoids, flavonoids and their glycosides, fatty acids, alkenoic acids and amino acids [14] . Hence, flavonoids are critical in color production in plants [18] . These produced color assist in attracting insects for pollination. Flavonoids aids in nitrogen fixation, UV filtration, cell cycle inhibition and as chemical messengers.
Flavonoids are essential antioxidants [19] and are antiviral, anticancer, anti-inflammatory and anti-allergic [18] . Studies have shown that flavonoids have demonstrated a protective effect against cardiovascular diseases. Environmental factors example light, species, and post-harvest management influence the level of flavonoids found in foods [18] . Approximately 15 grams of each of the previously dried and ground plant materials was extracted using the Miean and Mohamed methods [20] . Thereafter, 312.5 ml of methanol and 187.5 ml distilled water (both amounted to about 500 by volume) mixed. Approximately, 1 g/500L TBHQ added to the mixture and 125 ml of 6M HCl was added to the aqueous methanol (HPLC grade). The mixture was then vortexed and refluxed at 90˚C for 2 hours. The extracts were cooled and filtered with Buchner filter. The filtrate was made up to 50 ml with methanol. The methanol-filtrate was re-filtered and sterilized using 0.45 µm membrane filter. The extracts were stored in airtight bottles wrapped with foil and kept at −20˚C until analyzed.
Drying and concentration of extracts About 10 ml of each of the extract was placed in a small round-bottomed flask and subjected to a rotary evaporator for efficient and gentle removal of solvent from the solution. The evaporation continued until the appearance of solute.
The solute was re-dissolved using very small quantity of 100% methanol concentration to ensure complete removal of water. Complete water removal was enhanced by maintaining the rotavap temperature at 47˚C and use of mild (2001) with slight modifications was used. The crude extracts of both plants were quantified using the Waters UPLC H Class with Photodiode array detector (PDA) UV at 365 nm at flow rate of 0.700 ml/min. The injection volume was 1.0 μl and the column type was Waters Atlantis Hilic Silic column, with particle size 3.0 microns, 2.1 mm internal diameter, 100 mm long. Retention time of the respective standard was used to identify the compounds of interest. Chromatograms from the crude were compared with those of the standard chromatograms.
Four important flavonoids compounds (myricetin, quercetin, luteolin and kaempferol) were selected based on the antimicrobial properties associated with the individual flavonoids compound. They are mainly known to be an excellent source of antioxidant, anti-inflammatory and antimicrobial. The crude extracts were further diluted 20 times with methanol/water (50:50 v/v) solvent.
Transmission Electron Microscopy (TEM) TEM imaging was performed to discern rightly possible underlying changes to the MNV after exposure to treatment conditions with HS and ZA. The samples were fixed with 2% formaldehyde in buffer. The fixation reagent covers the surfaces of the samples. This was incubated for about 30 minutes at room temperature and each of the samples was carefully washed three times with buffer and each wash lasting for about 3 minutes and sealed with Para film. The sample suspensions were placed in a microfuge and freeze-thawed. The essence of freeze-thaw was to release more viruses in the medium, even though the studied virus was a naked virus and icosahedral in shape.
Approximately, 10 μl of each of the treated and untreated samples from the 72-h incubation was exposed to different conditions (Neat, freeze-thaw, ultra-freeze-thaw) and was separately placed on the grids. Further, large particles such as cell debris and bacteria were spun down at a low speed (~3000 × g) for 3 minutes. The supernatant was placed right onto a grid and negatively stained. About 2 ml of sample was ultra-centrifuged (100,000 × g) using the benchtop ultra-centrifuge for about 50 minutes.
Negative staining 21] . The samples were washed, drained and covered with petri dish for about two minutes.
Statistical analyses
Data were analyzed using student t-test (Graph pad Prism software version 7.0) to determine the significance (p < 0.05) between the treated and control groups.
Results and Discussions
Quantification of virus The main objective was to determine the optimal dilutions of the virus required for viral plaque formation. Briefly, 9-fold serial dilutions of MNV-1 in DMEM-10 was grown in an exponentially growing RAW 264.7 monolayer. Neutral red diluted with PBS (pH 7.4) was used in briefly staining the monolayer. Plaques were counted. The number of plaques gradually increases until it reaches optimum at 10 −4 dilution and then started to decrease ( Figure 1 ). The results showed that there was more plaques formation from 10 −4 dilution.
Therefore, 10 −4 dilution of MNV was selected for further study.
Treatment of infected cell line with crude extracts
The effect of the crude extracts of the two plants namely Hibiscus sabdariffa (calyces) and Zanthoxylum armatum (seeds) on human norovirus surrogate was studied. The calyces and seeds were washed, freeze-dried and mechanically ground to powder. The finely-powdered material was then vortexed and refluxed at 90˚C for 2 hours using acidified methanol. Extracts were concentrated using rotary evaporator and liquid nitrogen. Approximately, 200 mg/ml of each extract with varying concentrations (2.5%, 5%, and 10%) was used in treating the virusinfected cells (Figure 2 ). Result has shown that Zanthoxylum armatum's seed extract showed significant viral log reduction with 10% concentration (Figure 2 ) compare to control. Although all the treatment groups showed a noticeable viral reduction, 10% Zanthoxylum armatum exhibited the best viral activity. Our data indicate that the viral reduction is significant (P < 0.05) compared with control.
Transmission electron microscopy (TEM) imaging Three cultures with different conditions: Infected cells with no extract (A), infected cells with crude extract ZA (B), and HS (C) were studied ( Figure 3 and Figure 4 ). Our result showed presence of viruses by negative stain (NS) and electron microscopy (EM) exhibited in the different conditions. The frozen and thawed showed presence of virus particles. Further ultracentrifugation of the three cultures shows the apparent presence of viruses by both the NS and EM. The result showed no significant differences in the ultrastructure of the viruses.
Qualitative optimization of conditions for murine norovirus treatment We optimized varying conditions to find out the difference in the viral reduction from each unique experiment. We discovered that the treated C and D showed reductions in the number of virus per field of microscope, (with crude ZA showing more viral reduction). This qualitative test confirms our initial results obtained from quantitative studies. 
Ultra-performance Liquid Chromatography of calyces of Hibiscus sabdariffa and seeds of Zanthoxylum armatum
We optimized samples separation, quantification, and identification using retention times of the different flavonoids standards. Flavonoids (Quercetin, Myricetin, Kaempferol, and Luteolin) were identified from both crude and fractionated portions of the extract. The chromatographic conditions using 50/50 methanol water mobile phase was set based on isocratic method. The crude sample was diluted to about 0.5/10ml methanol due to an initial high concentration of the samples. Crude extracts of Hibiscus sabdariffa and Zanthoxylum armatum were diluted up to 20 times to obtain working level, whereas the fractionated ones (hexane, ethyl acetate, butanol and water parts) were only reduced twice to achieve the uniform concentration.
The injection volume of each of the compound was 1.0 μl with flow rate of 0.700 ml/ minute, and the internal temperature remains −33˚C and PDA detector was 395 nm. The results are shown below.
Screening of flavonoids content Analysis of four types of flavonoids, namely myricetin, quercetin, kaempferol and luteolin, in methanol extracts of crude Zanthoxylum armatum, Hibiscus sabdariffa and their fractionated fractions were shown in Table 1 . Among the two plant extracts and their fractionated portions, only luteolin showed below quantitation detection limit. Crude ZA showed no presence of myricetin, and surprisingly, hexane fraction of HS indicated 684 mg/kg of flavonoids. The results noticeably suggested that both crude and fractionated portions contain varying amounts of flavonoids compounds. No information of the flavonoid contents of the calyces and seeds and their fractionated portions examined in this research have not previously been documented. Rhu et al. [22] reiterated that previous studies have confirmed polyphenols and flavonoids as bioactive compounds that are effective against norovirus infection. Previous studies have equally documented that methanol enhances the extraction of flavonoids which in turn yield varying amounts of flavonoids compounds [20] . The quercetin content of crude ZA (94,392 mg/kg) was significantly higher than that of crude HS (28,728 mg/kg) ( Table 1 ). Our studies show that kaempferol was moderately available in the crude ZA (9576 mg/kg), whereas HS had (1026 mg/kg). Interestingly, both myricetin and luteolin contents in both crude ZA and HS were below detection limits. It was more interesting to find out that although myricetin content of the two crude extracts was not within detection limit in both crudes, hexane fraction of HS excitingly indicated 684 mg/kg of myricetin ( Table 1) . The myricetin present in hexane fraction of HS shows that hexane can extract valuable bioactive compounds which were previously elusive.
Discussion
Norovirus is a contagious virus that causes gastrointestinal illnesses in humans. Many factors such as incubation temperature [23] , viability of cell line [24] antibiotics, [25] influence the plaque formation. In this study, we observed that amongst the serially diluted virus, 10 −4 showed more plaque formations. As the dilution increases, the number of viral particles present in the given dilution reduces and this leads to a point where the amount of virus present leads to plaque formation detection [26] . 10 −4 dilution is the best dilution for the plaque formation and was selected for subsequent experiments.
An equal ratio of methanol/water composition was used as the mobile phase, These compounds not identified here are inseparable from the known ones hence synergistic effect could have played a role in achieving antiviral effects.
These inherent flavonoids may have also contributed to the synergistic effect of the selected flavonoids in plaque reduction. In Table 1 , crude ZA showed the highest amount of quercetin (94,392 mg/kg), followed closely by crude HS (28,728 mg/kg), crude ZA kaempferol (9576 mg/kg) and crude HS kaempferol (1026 mg/kg). Those that read below the quantitative detection limit (BQDL)
were considered > 10 mg/kg. The variations in the quantity of an extracted flavonoids could be attributed to the amount of the selected flavonoids present in the calyces or seeds of the studied plants ( Table 1 ).
The fractionated portions of the extracts showed hexane fractions yielded the highest ability to extract flavonoids in both plants (Table 1) . Interestingly, myricetin (684 mg/kg) was only present in the hexane fraction of HS.
The result of different concentrations of the crude extracts (10%, 5%, and 2.5%) reflected the presence of antiviral bioactive compounds present in the extracts ( Figure 2 ). Our result showed that 10% of both extracts indicated high viral reductions with 10% ZA outstandingly showing the best antiviral activities.
This viral reduction could be attributed to greater amount of quercetin present in crude ZA (94,392 mg/kg). Culture of flavonoids standards showed that quercetin had the most outstanding effects when compared with the other studied flavonoids standards.
• Flavonoids are phenolic compounds that are commonly found in plants. Research has shown that: • Flavonoids are antiviral [8] [27] . The results evidently showed that the tested extracts were rich in these selected flavonoids, and the qualities and quantities of the chosen flavonoids in these extracts seemed to be very different among the crude and fractionated portions [20] . The major flavonoid that was found to reduce the number of plaques is the flavonol Quercetin, followed by Kaempferol, Luteolin and Myricetin. In a similar study, quercetin exhibited anti-Japanese encephalitis virus activity when used against JEV adsorption to the cells. It was also demonstrated that the production of JEV-RNA decreased more than 17% in the presence of 50 μg/mL of quercetin when it was used after virus adsorption [28] .
